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CHAPTER 3 
RESEARCH METHODOLOGY 
3.1	 Introduction 
This chapter describes the materials and methodology in the microwave plasma 
gasification experiments and how the data was analyse. Preparation and 
characterization of the biomass, gasification rig design and experiment, and product 
gas analysis will be discussed further in this chapter. 
3.2 Flowchart of Experiment 
The process and steps of microwave plasma gasification experiments carried 
out is illustrated in a flowchart in Figure 3.1. This flowchart shows the steps involved 
in this study including materials preparation, design of microwave plasma rig, char 
characterization, microwave plasma gasification experiment, and syngas analysis.
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3.3	 Materials 
3.3.1 Preparation of Biomass 
The two types of palm biomass received - the empty fruit bunch (EFB) and oil 
palm shell (OPS) were obtained from the Federal Land Development Authority 
(FELDA) oil palm mill in Kulai, Johor. Both biomass were dried in a conventional 
oven at 105°C for 24 hours to remove the water content. After that, the biomass was 
grinded as the raw biomass size are not suitable for the pyrolysis. Grinding the biomass 
to a smaller size will increase the surface area for reaction to occur. EFB and OPS 
were grinded and sieved to 1.18 to 2.00 mm. Figure 3.2 shows the EFB and OPS 
biomass after the grinding and sieving process. The grinder machine from Polymer 
Lab, Faculty of Chemical Engineering, UTM, is shown in Figure 3.3. 
Figure 3.2 EFB and OPS biomass 	 Figure 3.3 Grinder Machine 
3.3.2 Preparation of Char 
Pyrolysis of biomass is done to convert the biomass into char. A fixed bed 
furnace is used in this process. The whole system is a vertical furnace with an inlet gas 
flow from below. This pyrolysis rig consists of temperature controller, heating 
